You are providing input in planning for critical care services to a large regional health authority. You are considering concentrating some critical care services into high-volume regional centres of excellence, as has been done in other fields of medicine. In your region, this would require several centres with differing levels of expertise that are geographically separated. Given there are inherent risks and time delays associated with interfacility patient transport, you debate whether these potential risks outweigh the benefits of regional centres of excellence.
Introduction
Critical care is a highly complex, expensive and resourceintensive dimension of the healthcare system [1] , and the demand for these services is expected to grow due to the aging population [2, 3] . Regionalization of critical care services has received much attention as a strategy to improve patient outcomes and to realize efficiencies in care delivery [4] [5] [6] [7] . Regionalization entails the allocation of scarce healthcare resources on the basis of geography, and has been implemented in other areas of medicine including trauma, paediatrics and neonatal care. Regionalized delivery of critical care would create a tiered system of critical care units where a designated number of high-volume specialty referral centres would accept patients in transfer [5] . Patients who require services not available locally or who require a higher level of care than is provided at their local institution would be transported to such a specialty centre.
Proponents claim that regionalization improves outcomes, citing literature demonstrating a positive relationship between case volumes and outcomes [8] [9] [10] [11] [12] [13] . Regionalization may also reduce costs by reducing duplication of expensive infrastructure and resources [14] . Restricting healthcare services this way forces the movement of patients between healthcare institutions, however, and the projected benefits of concentrating care must be weighed against the risks and costs of patient transport as well as the ensuing potential barriers to longitudinal care.
In the present debate we shall explore the advantages and disadvantages of the strategy of restricting critical care services to a limited number of facilities with high case volume (regionalized critical care). We also focus on an important but often neglected aspect of regionalization -the requirement for and the impact of patient transport outside the critical care setting in order to provide access to regionalized healthcare resources.
Pro -regionalization of critical care will improve patient outcomes and care delivery
Proponents of regionalization contend that concentration of specialty or resource-intensive services may lead to improvements in patient care and cost-savings. Potential benefits of regionalization may include a reduction in practice variation with improved adherence to best practices, improved procedural outcomes due to higher provider skill and experience in high-volume centres, and a concentration of expertise and resources that reduces duplication of infrastructure, may increase efficiency of care delivery and allows for savings due to economies of scale.
(page number not for citation purposes) have improved outcomes compared with those treated in lower-volume centres.
Wide variations in practice have been observed in the delivery and practice of critical care, including practices that are linked to patient outcomes (including venous thromboembolism prophylaxis [15, 16] , strategies to reduce ventilatorassociated pneumonia [17] , central venous catheter care [18] and intensivist physician staffing [19, 20] ). Regionalization of critical care may reduce practice variation by concentrating care into fewer centres with highly-skilled staff and improved implementation of best-practices [21] , with a resulting improvement in patient outcomes.
In addition to reducing system-level or hospital-level variability in practice, regionalization may also improve patient care by concentrating patients at centres where providers treat a large number of similar cases. Although previous studies evaluating the relationship between case volume and outcome in critical care have produced conflicting results [8] [9] [10] [11] [12] [13] 22] , positive volume-outcome relationships have been reported in critically ill patients [13] , including those with sepsis [12] and those requiring mechanical ventilation [11] . These positive relationships have also been observed in the delivery of healthcare for other acute illnesses, including trauma [23] , cardiac revascularization [24] and subarachnoid haemorrhage [25] . One retrospective study observed a significant reduction in mortality when patients with traumatic injuries were transported from nontertiary emergency departments to major trauma centres, even after accounting for the nonrandom transport of patients [26] . In most instances these associations have been observed where there is already regionalized care delivery; there are no before-after studies in critical care demonstrating the benefit of this strategy where regionalization is not already in place. There is one recent study that attempted to estimate the impact of regionalizing the provision of mechanical ventilation, which estimated a substantial benefit if patients who required mechanical ventilation and were cared for in low-volume hospitals were instead transported to high-volume hospitals [27] .
There are possible limitations to the data on volume-outcome relationships. The association of higher case volumes and improved outcomes is frequently attributed to the principle of practice makes perfect, where skills and processes are optimized by repetition. Some authors, however, have speculated this association may be the result of residual confounding [28] [29] [30] . In the United States, where much of the supporting data have originated, patients may be selectively referred to institutions with better outcomes (that is, high volumes are a result of patients selecting institutions with good care, and good outcomes are not causally related to high volumes) [28] . In contrast, volume outcome data have been conflicting in the single-payer publicly funded Canadian healthcare system, where patient referral is less discretionary [31, 32] . Finally, some critics have suggested that these relationships may be explained in part by patient-level variables that were not adequately controlled for or adjusted for, noting that patient-level factors have been found to be far more important than institutional case volumes in mortality after complex surgery [29] , and improvements in mortality have also been observed in coronary artery bypass grafting despite decreasing case volumes [30] .
In summary, there are data to suggest that critically ill patients who are cared for at higher-volume centres may have improved outcomes. We must acknowledge that there are no definitive data demonstrating that regionalization of critical care delivery will result in benefit, and the existing data have limitations. Nevertheless, multiple studies in varied subgroups of critically ill patients and acutely ill patients have observed positive volume-outcome relationships, and it is possible that regionalization of critical care delivery in noncentralized jurisdictions may realize these benefits.
Regionalization may reduce costs
Regionalization may improve efficiency in the delivery of healthcare by reducing duplication of costly and scarce resources and infrastructure, as well as improving economies through higher case volumes and improved efficiency and economies of scale (cost advantages derived from advantageous purchasing, managerial and financial practices with increased case volumes). One British study found that larger intensive care units (ICUs) (as measured by the number of beds) were associated with lower total costs, lower staffing costs and lower consumable costs per patient-day [14] . Regionalization strategies may also be cost-effective in cardiac surgery [33] , in joint replacement [34] and in subarachnoid haemorrhage [35] , although these estimates may be sensitive to the predicted mortality benefit of high-volume centres and the assumption of a low risk of transport-related mortality. It is important to note that, even in the absence of clear data demonstrating efficacy, some ancillary services that may be required by critically ill patients -such as renal replacement therapy, neurosurgery and cardiac angiography and intervention -are already regionalized to some degree in most jurisdictions for practical reasons (primarily the high cost of specialized equipment and human resources).
Con -risks of transport and impact on transferring hospitals and patients may outweigh benefits of regionalization
Regionalization may have negative impact on care delivery, which should be balanced against any potential benefits. These potential disadvantages can be broadly categorized into factors related to the transport of patients to high-volume referral centres and factors related to the impact of regionalization on the function and staffing of lower-volume centres.
Risks associated with patient transport Identification of the critically ill patient and secondary transport
The appropriate prehospital triage of critically ill patients and their referral to the appropriate healthcare facility are dependent on the rapid and accurate identification of their diagnoses and healthcare needs. Although straightforward in some subgroups of critically ill patients, such as in those with traumatic injuries, it can be very difficult to determine what resources will be required for other patients with less defined pathology, such as those with undifferentiated hypoxic respiratory failure, making primary referral to specialty critical care centres difficult, and perhaps necessitating the secondary transport of patients after their initial assessment or admission to a low-volume centre. It should be noted that a significant proportion of patients admitted to the ICU, however, are admitted from the local emergency department [36, 37] . These patients could instead be transported directly to a high-volume referral facility if they are identified early. Some patients may develop new problems requiring specialized services (that is, acute respiratory distress syndrome, sepsis, renal failure) while in hospital, however, necessitating an interfacility transport. As the degree of regionalization increases, we expect there to be an increased demand for secondary interfacility transport.
Critically ill patients may face increased risk outside the ICU
Critically ill patients may be at risk of clinical deterioration due to the stresses of transport, due to progression of their underlying disease or due to adverse events related to clinical care occurring before or during transport. Communication is the single leading source of adverse events and errors in healthcare [38] [39] [40] , as well as in the transport setting [41] , and patient transports increase the number of patient handovers that may contribute to communication errors. The one study that estimated a benefit of regionalizing care of patients requiring mechanical ventilation did not take into account the potential risks of treatment delays or adverse events related to the transportation of patients to high-volume specialty centres [27] . Admittedly, the attributable risk of interfacility transport of critically ill patients is not well defined: the majority of published data evaluating the safety of out-ofhospital transport of critically ill patients are retrospective series or small, prospective series without comparison groups or controls [42] [43] [44] [45] [46] [47] [48] . Many studies did not report adverse events occurring in transit and do not typically include transport-associated or vehicle-associated events. There is insufficient high-quality information to meta-analyse or give substantive conclusions of the rate of clinical adverse events during out-of-hospital transport [49] .
There are data regarding critical events during transport, including clinical deteriorations as well as near misses, or events that could have potentially caused harm. One study of a large Canadian transport agency determined that the rates of critical events and of events leading to potential patient harm were 1.15% and 0.2% of all transports, respectively [41] . In acutely ill patients, serious in-transit critical events were found in approximately 5% of all nonelective air medical transports [50] , and 5.6% of patients with acute coronary syndrome or cardiogenic shock undergoing interfacility patient transfer experience a critical event [51] . These data are consistent with observed incidents during transport of patients within the hospital (intrafacility transport), where the incidence of adverse events during transport outside the ICU has been estimated to be between 5.5% and 6.6% [52] [53] [54] .
It is important to acknowledge that critically ill patients, by nature of their physiological instability, may clinically deteriorate even if they remain in the ICU, and it is important to compare the incidence of adverse events during transport against the baseline incidence of adverse events in the ICU. There are observational data suggesting that transport of patients outside the ICU setting may carry increased risk: one study found that 43% of medical errors in ICU patients occurred when they were outside the ICU [55] , and the incidence of adverse events and critical events in patients undergoing intrahospital transport [54, 56, 57] is consistently higher than the incident rate of adverse events documented in the ICU [58, 59] . There are no comparative studies, however, evaluating outcomes or adverse event rates in patients who are either transported or not transported.
Vehicular and occupational risks associated with transporting patients
The role and safety of emergency medical aircraft became the subject of public debate in the United States following several high-profile aircraft crashes in 2008 and a recent review by a national governing body [60] . Although the overall accident rate for emergency medical aircraft is low and varies substantially across jurisdictions, some operators have exemplary safety records while some operators have accident rates much higher than civilian aircraft carriers [61] [62] [63] . The hazard of vehicle accidents is not limited to aircraft: the available data suggest land ambulance accidents are a cause of healthcare worker and patient mortality [64, 65] and occur with sufficient frequency that emergency medical personnel have a similar occupational risk of death as firefighters and police [65] .
In summary, the actual health impact and risk of transportation of critically ill patients is not precisely known. The existing data evaluating adverse events and critical events would suggest that this risk is low, although it is probably greater than the risk of deterioration experienced by patients in an ICU. Although low, any marginal increase in risk and any negative impact on patient health should be considered in health policy planning through which increased regionalization will result in increased interfacility patient transport.
Potential negative effects of regionalization on lower-volume centres
Critical care plays a key role in supporting multiple other disciplines within a hospital (that is, surgery, emergency medicine, anaesthesia, internal medicine, and so forth) and critically ill patients are admitted to the ICU from a number of sources (hospital ward, emergency room, operating theatre, and so forth). The potential impact of regionalizing critical care on low-volume centres is greater than when regionalizing other specialty services such as coronary revascularization because the restriction of ICU beds may negatively impact on other hospital services.
Regionalization of critical care may have other negative effects on healthcare delivery that have not been well quantified, although one recent qualitative study identified multiple barriers to the acceptance and implementation of regionalization strategies [66] . The movement of patients to high-volume centres removes patients from their local support networks. This may add to the emotional stress endured by families as well as creating a geographical obstacle for the provision of longitudinal care, rehabilitation and chronic disease management following critical illness. Patients from remote areas may also feel a sense of depersonalization when transferred to large, high-volume hospitals.
At an institutional level, the regionalization of specialty services may lead to a reduction in available specialists for patients in peripheral communities, as specialists are moved to high-volume centres. The removal of specialty programmes from hospitals may also lead to an erosion of staff morale and pride, and there has been a documented decrease in job satisfaction and staff morale during similar reallocations in the merger of healthcare institutions [67] . Stakeholders have also expressed concern regarding the financial implications of the diversion of patients away from low-volume institutions [66] . Although it is difficult to quantify or predict the impact of these phenomena, the effects of regionalization on lowvolume centres should not be underestimated, both in terms of care delivery and the effect on healthcare workers.
Finally, because the exact mechanisms through which patients in high-volume centres experience benefit are not known, further research to elucidate these factors would be invaluableespecially if some of these factors could be applied in the setting of a lower-volume centre to improve patient outcomes.
Impact of underlying geography and demographics on regionalization
One of the key factors that will determine the efficacy of critical care regionalization will be the local geography and population demographics. Although some effects of regionalization are fixed regardless of geography (that is, the benefit of high-volume centre care, or the negative effect of removing resources from smaller, low-volume centres), the risk of patient transport may be related, at least in part, to the duration of a patient's exposure to the out-of-hospital environment [68] . The risks of transport may consequently erode the potential benefits of regionalization in areas in which transport durations are long. Conversely, in population-dense areas in which patients are transported short distances, the benefits of regionalization may outweigh the small risks related to brief patient transports between sites. In the modelling study by Khan and colleagues that estimated a benefit if mechanical ventilation was regionalized, it is interesting that the median distance patients required to travel to reach a high-volume centre was only 13.6 kilometres [27] . Additionally, most of the estimated benefit was seen in urban areas where the distance between the centres is probably small.
As referral centres become more geographically distant and subtend a larger area, the transport distances and times increase proportionately. As an example, one study evaluating the potential of regionalizing high-risk specialized surgeries in the United States found that aggressive regionalization would result in 80% of patients changing centres, increasing the travel time for more than 50% of these patients by greater than 60 minutes [69] . Finally, the costs involved in establishing a cohesive transport system across a large geographic jurisdiction can be very high and should be weighed against the clinical benefits and potential cost-savings of regionalization.
The effect of geography may underlie observations from Canada, where urban, population-dense areas are often separated by vast expanses. The median transport distance for critically ill patients undergoing interfacility transport in Canada is almost 10 times further than that in the United States [50, 70, 71] . Canadian studies have demonstrated that regionalization in urban settings resulted in gains of efficiency and health outcomes, but these gains were not clear in rural settings where access to services was more restricted [72, 73] .
The underlying geography will also determine the specific resources required for patient transport. In population-dense areas where transport distances are likely to be short, landbased critical care transport teams may suffice. For larger jurisdictions, an organized and well-integrated system of air and land ambulances may be required. Although air ambulances are more expensive to purchase and maintain and more complex to administer than land ambulances, their greater speed and range make them an invaluable resource in large jurisdictions, especially where there is limited road access or where traffic congestion extends response times by land ambulances. Transport crews, regardless of their makeup and medical background, should be competent to manage critically ill patients and should be familiar with the specialized transport environment.
These examples underscore the potential impact of geography on both the implementation and outcomes of regionalization schemes, and it would be important to consider local geography when planning regionalized healthcare delivery systems.
Conclusions and recommendations
There are both advantages and disadvantages regarding regionalization. These pros and cons must be weighed carefully in the specific geographic, population and administrative context in which a strategy of regionalized critical care delivery is being considered. Providing a generalized response to the scenario presented in the introduction to the current review is difficult, although we will provide our own framework for addressing the relevant issues.
Firstly, despite widespread interest in the regionalization of critical care, the benefits of this approach remain controversial. Some of this controvery may stem from the belief that observed volume-outcome relationships are not generalizable across different healthcare delivery systems and jurisdictions. Whether regionalizing the delivery of critical care in a decentralized (that is, non-regionalized or less regionalized) healthcare system will necessarily bring with it improvements in care and increased adherence to best practices, and whether these marginal improvements will outweigh the additional risks imposed by patient transport, is unclear. Nevertheless, there are compelling data from a broad base of associated acute care medical fields in which highercase-volume institutions have superior patient outcomes.
Secondly, an organized transport system is essential to ensure that patients can access these resources in a safe and timely manner. Although the makeup and structure of such a system will vary according to the local landscape and geography, any strategy to regionalize critical care must include an organized mechanism to move patients to and between healthcare institutions. If not, regionalization of critical care effectively becomes the geographic restriction of critical care. The specific makeup of these transport systems with respect to vehicles and crews will depend largely on the underlying geography, demographics and transport demand of each jurisdiction.
Consideration must also be given to which services should be regionalized. Given the scarcity and expense of resources and given the existing data on volume-outcome relationships, the regionalization of specialty programmes (that is, trauma, neurosurgery, neonatal care) is reasonable. Patients requiring these services can be identified early and the care of these patients often requires significant other specialized human and healthcare resources. Absolute regionalization of all critical care services, however, is unlikely to be desirable due to the aforementioned interdependence of hospital medical and surgical ICUs.
In conclusion, regionalization is best supported and most easily implemented in urban or population-dense areas where patients have minimal incremental transport requirements to access definitive care at a high-volume centre. Healthcare systems covering very large regions may require some degree of regionalization because it is not practical or desirable to build a large number of full-service specialty hospitals, although the aforementioned considerations may still be relevant in determining the extent of regionalization and size and location of referral centres.
